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TFCHNICAL > l£LP 

[00011 The present Invention relates to water-repel- 
lent porous &ili.r.a having uniform mesopores. that is ap- 
plicable to cai>ilyst carrier, adsorbent, light functional 
material, etecuon functional material and the like, a 
process for preparing the water-repellent porous silica, 
and uses of bV water-repeDent porous silica. 

BACKGROUND ART 

[0002] Porous Inorganic compounds having uniform 
mesopores have larger pores than conventional oxides 
such as zeolite, and application of those compounds to 
catalyst came, separation adsorbent, fuel battery and 
sensor has boon studied- 

[0003] As Id a process for preparing such an oxide 
having unlfom- mesopores, a process utilizing control of 
the structure of an inorganic material by the use of an 
organic compound has been paid attention because an 
oxide of novel ^hape and structure can be obtained. In 
particular, an oxldo having uniform mesopores, mat te 
syntheefeed by utilizing self organization of an organic 
compound and an inorganic compound, te known to 
have a larger pore volume and a larger surface area 
than eonventiofial o*ldes such as zeolte. 
[0004] As a process forpreparing an oxide having uni- 
form pores utiklng self organization of an organic com- 
pound and an uiorganic compound, a process compris- 
ing subjecting silica gel and a surface active agent to 
hydrothermaJ -ynthesls reaction In a heat-resistant 
closed vessel to prepare such an oxide is described in, 
lor example, W09 1/11 390. In Bull. Chem. Soc. Jp., VdL 
69, p. 968 (1 l <90), a process comprising subjecting 
kanemlte that is a kind of a layered silicate and a surface 
active agent t& ion exchange to prepare euch an oxide 
Is described. 

[0005] On th« other hand, the oxide having uniform 
mesopores ha- a defect that the oxide is liable to adsorb 
moisture because of Its large pore volume and surface 
area. That is to v.ay, the oxide having uniform mesopores 
prepared as described above has a large pore volume 
and contains a « jreet number of hydroxy! groups present 
on the pore surfaces. Therefore, the oxide has high 
moisture adsoiution properties, and the structure of the 
oxide is changed by the adsorbed water or the periodic 
structure of the pores b disintegrated. 
[0006] Many [jatents to Improve the moisture adsorp- 
tion properties nave been applied so far. For example, 
it is described <n Japanese Patent Laid-Open Publica- 
tion No. 14413/1981 that an orgsnoslllcon halide com- 
pound as a sta i ing material is allowed to react with SI0 2 
In an organic * -ivent to develop water repeltency. In this 
case, the organic group imparts water repellency to 
SiOfc. 

[0007) Surf aue treatments of silica and a silica gel are 



described In various publications. In Japanese Patent 
lald-Open Publication No. 181 71 5/1 983, treatment with 
an organosllane halido and water vapor is described: in 
Japanese Patent UWOpen Publication No. 

S 295226/1 SS6, treatment With silicone or tha lilce Is de- 
scribed; in Japanese Patent Laid-open Publication No. 
5941 5/1 990, bonding to a hydrophobic organic group is 
described; in Japanese Patent Lajd-Open Publication 
No 107502/1 990. treatment with afluorinatingagentln 

i0 the presence of water Is oescribed; in Japanese Patent 
Laid-Open Publication No. 19634271995, treatment by 
knmerslon of a substrate In a solution obtained by add- 
ing NH4F to a water-based solution of alkoxysllane te 
described; and in Japanese Patent Lald-Open Pubfica- 

15 tions No. 15764^1996, NO. 242717/1997, NO, 
25427/1998 and No. 140047/1998, treatment of an in- 
organic oxide with a fluorine-containing organoslllcon 
compound as a surface treating agent is described. All 
of these methods have improved moisture adsorption 

so properties of silica, 

T0O0B] Further, In EP0799791 , treatment with a sili- 
cone oil having an epoxy group or with an amine com- 
pound having an amino group is described; In Chinese 
Patent No. 1 ,072,654, treatment using amine or pyrro- 

25 lldone Is described; and in US. Patent No. 4,164,509, 
sulfonic acid treatment is described. Moreover, in Jap- 
anese Patent Lald-Open Publication No. 92S21/1994, 
treaiment comprising hydrolyzlng tetraethoxysllane and 
coating a substrate with the hydrolysis solution Is de- 

so scribed; in U.S. Patent No. 4,569,833. treatment by con- 
tact with SIF4 to improve water repellency is described; 
and In U.S. Patent No. 4,054,6B9, treatment by contact 
with a HF gas to Improve water repeUency is described, 
[0009] The above methods, however, are all surface 

35 treatments of silica, and It is difficult to homogeneously 
treating Inside surfaces of pores of the porous silica. In 
addition, they are not satisfactory as methods to im- 
prove moisture adsorption properties of the porous ma- 
terials from the viewpoint of application of the resulting 

40 silica to liojt functional materials or electron functional 
materials, because there are disadvantages such that 
the treatment In water disintegrates the pore structure, 
the treatment with an organic material results In lowneat 
resistance, and the F treatment by the contact with a 

45 gas results In only a temporary effect. - 

[0010] in Materials Letters 42 (2000), pp. 102-107, a 
process for preparing water-repellent porous silica hav- 
ing uniform pores, comprising dropwlse adding a H F so- 
lution to a caustic soda solution of silica and performing 

so hydrothermal synthesis is described. From the porous 
silica prepared by this process, however, any fOm cannot 
be formod. In addition, Na remaining in Silica hindors 
application of tho sBica to a light f uncnonal material or 
an electron functional material. 

55 [0011] On the other hand, films comprising oxides 
having uniform mesopores have been proposed recent- 
ly, and appfication of those flhrs to liojrt functional ma- 
terials or electron functional materials has been highly 
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expected. Fi.r example, in Nature. Vol, 979. p. 703 
(1 996), a pro*** comprising placing * mica board In a 
solution essentially consisting of tetraalkoxy^ne and 
a surface acme agent to form a film on a surface id tte 
mica is desc. -bed; in NalUV, Vol. 381 , p. 589 (1996), a 
process forfnrming a fifrn on a liquid level of a solution 
essentially insist! ng of tetraalkoxysllane and a surface 
eetive agent * described; and In Science, Vol 273, p. 
768 (1 996), * process for forming a film on an Interface 
between an r,u layer containing tetraalkoxysilane and a 
water layer containing a surface active agent is de- 
scribed. The ^e processes, however, Industrially have a 
problem thai a long period of time is necessary for the 
formation ol a film end a large amount of a powder » 
produced as a by-product together with the flfrn. 
[0012] In Japanese Patent LakKJpen Publication No. 
1 94298/1 99V , a process comprising coating a substrate 
with a solute essentially consisting of tetraalkoxysh 
lane and a t^urface active agent lo form a film having 
pores regula.ly disposed is disclosed. In WO99/37705. 
a process for forming a film, which comprises converting 
a surface acuve agent Into an amphiphatic block ccpol- 
ymerto maH- pores large, is disclosed. These process- 
es ere Indusi rially useful because films arc produced for 
a short pericl of time* In the resulting porous films hav- 
ing uniform pores, however, gradual verlatlon of the 
structure or disintegration of the periodic structure of 
pores teKes i 'lace because of the aforesaid moisture ad- 
sorption parries, and thereby the conductlvrty be- 
comes high. Thus, these porous films have a problem 
when they *re applied to light functional materials or 
electron functional materials, 

[0013] Accordingly, development of a highly water-re- 
pellent film having uniform pores has been eagerly de- 
sired. 

DISCLOSUl lE OF THE INVENTION 

[0014] It Ik an object of the present invention to pro- 
vide waters pelient porous sflica having uniform pores, 
that is applicable to a fight functional material or an elec- 
tron functional material, and to provide a silica film, a 
precursor s^wtlon tor forming the silica, a process for 
preparing ihf? silica and uses ot the silica. 
[0015] AS n result of earnest studies to achieve the 
above-roentumad object, the present Invention has 
been accormilished. 

[0016] Thi: ivater-repellent porous silica according to 
trte present .nventton is water-repellent porous silica 
having unlfoim pores, which comprises silica skeleton 
wherein fluoi me atoms are fixedthrough eovalenl bands 
andwhich h is an alkali metal content of not more then 
10pob. 

[0D17] TIk* fluorine content in the silica skeleton is 
preferably in the range of 0.3 to 15.0 % by weight. 
[001 8] it ~& preferable that the mean pore size of pores 
of the porous silica Is in the range of 1.3 to 10 nm and 
the porous trite has a periodic crystal structure of hex- 



agonal system when examined oy X-ray dlffractometry. 
rooioi itisalsopreierablethatthemeanpomsfeeis 
In the range of 1 A to 1 0 nm and the porous silica has a 
crystal structure of Irregular arrangement. 
5 [0020] Tne process of the present invention for pre- 
□arinq the water-repellent porous silica having uniform 
pores said sifca comprising silica skeleton wherein flu- 
orine atoms are fixed through eovalenl bonds, compris- 
es the steps of partially hydrolyzlng a f luomecontaining 

io ulaltoxysila^^ 

a tetraalkwrysilane under acidic condition, then drying 
a solution resulting from the hydrolysis and mixed with 
a surface active agent, and removing the surface active 
agent or extraction; 

15 

(zo> 3 sm 

wherein 2 Is melhyl, elhyl. rhpropyl, hpropyi. n-bulyl, l- 
so butyl, i-butyl or sec-butyl, and B Is a fluorine atom, 
(CH 2 ) fl (CF^O(CF 2 >J d X <X te a fluorine atom, OCFs, 

OCRCFste, OC(CFa)a, a1Kvl Q roU P or a phenyl sr ?t 
a is a number of 0 to 3 , b is a n umber of 0 to 3, c is a 
number of 1 to 3, and d Is a number of 0 to 3) or 

» CcKF™ (else number of 0to4). 

[0021] When the desired water-repellent porous silica 
is a powder, the solution can be dried by spray drying. 
[0022] The fluorine-containing trialkoxysllane is pref- 
erably trlethoxylluorosilane. 

so [00231 TneietraalkoxysllaneisproferaiJlytGtraethox- 

ysllane. . 

[0024) The molar ratio of the rluorlneHX>ntalmng trl- 

alkoxysilane to the tetraalkoxysilane Is preferably in the 

rangBof o,u1tol.2. 
ss [0055] The number of motes of the surface active 

agent Is preferably in the range of 0,003 to 1 time the 

sum of the numbers of moles of the fluorine-containing 

trialkoxysllane and the tetraalkoxysilane. 

[0026] The surface acth/e agent is preferably an alky- 
*o lammonlum salt represented by the following formula: 

45 wherein n is an Integer of 8 to 24, and X Is a hallde ton, 
HS0 4 - or an organic anion. 

[0027] The surface active agent is also preferably a 
compound having a polyalkylene oxide structure. 
[002BJ The film according to the present Invention is 

so a film comprising the water-repellent porous silica. 
[0029] The thickness of tho water-ropcllcnt porous sil- 
ica film Is preferably In the range of 0,01 jim to 2-0 mm. 
[0030] The water-repellent porous silica film can be 
used as a layer Insulation film. 

55 [0031] The precursor solution according to the 
present invention is a precursor solution for forming the 
water-repellent porous silica. 
[0032] The precursor solution for forming the water- 
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repellent porous fillies k obtained by partially hydroly?- 
ing aflu6rine«ontalning triaikoxysilane represented by 
the following lormuia and a tetraalkoxysilane under 
acidic conditio/i and then mixbigthe resuming hydrolysis 
solution with a surface active agent; 

(ZO) 3 S(R 

wherein Z is iruithyl. ©thyi, n-propyl, l-propyl, n-butyl, t* 
butyl, l-butyl ur sec-butyl, and R is a fluorine atom, 
(CH 2 ) a (CF fi ) b (L.(CF 2 ) c ) £f X (X Is a fluorine atom, OCF 3 , 
OCRCFq^, Oi .(CF^* an alkyi group or a phenyl group, 
a is a numbemf 0 to 3, b is a number of 0 to 3, c is a 
number of 1 io 3, and d is a number of 0 to 3) or 
C G H 0 F t5llC) (Ha number of 0 to 4). 
[0033] in the precursor solution for trie forming water- 
repellent porous silica, the molar ratio of the fluorlne- 
conlalning IriaiKOxysilane lo the lelraalkoxysllane Is 
preferably In ttui range of 0,01 to 1 .2. 
[0034] Jnthe precursor solution for forming the water* 
repellent porou*' silica/ the'number of moles of trie sur- 
face active agont is preferably in the range of 0.003 to 
1 time the sum of tho numbers of moles of the fluorine- 
containing irialKoxyeilano and the tetraalkoxysttone. 
[0035] The surface active agent used for tho precur- 
sor solution for icrming tho water-repellent porous silica 
is preferably en alkytemmonium salt represented by the 
fallowing formula: 

C n Ha>.iN(CH3>3X 

wherein n is an integer of 8 to 24, and X is a halide Ion, 
HSO4- or an oicjantc anion. 

[0036] The surface active agent used for the precur- 
sor solution for lorming the water-repellent porous silica 
Is also preferably a compound having a potyaikylsne ox- 
ido structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] The piosent Invention is described in detail 
hereinafter. 

[0038] For preparing water-repellent porous silica 
having uniform pores, which comprises silica skeleton 
wherein fluorine* atoms are fixed through covalent 
bonds, hydrolysis reaction of a fluorine-containing tri- 
alkoxysilane wfin a tetraalkoxysilane is carried out first 
[003d] Throurjh the hydrorysis reaction, the fluorine- 
containing trialkaxysJlanc and tho tetraalkoxysilane arc 
co-condensed, nnd fluorino atoms to devolop water re- 
pellency are hlgi ily dispersed and fixed In the copolymer 
which becomes a body of a silica film. 
[0040] The hydrolysis Is desired to be carried out in 
the pH range 01 1 to 4, As the pH adjusting agent, any 
acid is employe ute, and examples thereof Include hy- 
drochloric add, tiydrobrormcacid, nitric acid and sulfuric 



[0041] Examptes of the fluorine-containing trialkox- 
ysilanee include tirnethoxyfluorosilane. trielhoxytluor- 
osllane, trtteopropoxyfluoro^Hane and mbutoxyftuorosi- 

5 lane. In particular, use of triethoxyfluorosilane Is prefer* 
able. The fiuorine-contalning trialkoxysilanes can be 
used singly or in combination of two or more kinds. 
[0042] Examples of the tetraafcoxysilanes include te- 
tramcthoxysilane. tatraethoxysilane, tefraisopropoxysi- 

10 lane and tetrabutyisitane, In particular, use of tetraethox- 
ysllane is preferable. 

[0043] The hydrolysis Is carried out by adding a pM 
adjusting agent and water to the fluorine-containing trh 
alkoxysilane and the tetraalkoxysllane. The amount of 
75 water added is in the range 0! preferably 0.5 to 20 mol 
based on 1 mol of the alkoxysilane, and The hydrolysis 
j S desirably conducted at room temperature for several 
minutes to 5 hours. 

[0044] The hydrorysis may be conducted In the pres- 

20 ence of a solvent. Examples of the solvents employable 
include primary alcohols, such as methanol, ethanol and 
1-propanol; secondary alcohols, such as 2-propanol 
and 2-butanol; tertiary alcohols, such as tertiary butyl 
alcohol; acetone; and acetonltrile. Tho solvents can be 

25 used singly or In combination of two or more kinds, 
[0045] By changing the molar ratio of the fluorine-con- 
taining trialkoxysflane to.. the totraalkoxysilane, the 
amounts of the fluorine atoms capable of being fixed in 
the silica skeleton can be changed. The fluorine content 

30 In the silica skeleton can be measured by elemental 
anal/sis. The fluorine content in the silica skeleton Is in 
the range of preferably 0.9 to 15.0 % by weight, more 
preferably 0.3 to 1 0.0 % by weight, particularly prefera- 
bly 0.5 to 7.0 % by weight 

35 [0046] The crystal structure can be confirmed by X- 
ray diffractometry. In order to obtain water-repellertt po- 
rous silica having a hexagonal periodic crystal structure 
and having poms of uniform sizes, the meter ratio of the 
fluorine-containing trialKoxysilane to the tetraalkoxysl- 

40 lane Is In the range of preferably 0.01 to 1 .2, more pref- 
erably 0.01 to 0.5, particularly preferably 0-05 to 0.3. If 
the molar ratio Is lass than the lower limit of the above 
range, the effect of water repel lency cannot be obtained, 
tf the molar ratio Is more than the upper limit of the above 

45 range, the pore sizes become ununlform and a hexag- 
onal periodic crystal structure cannot be formed occa- 
sionally. Even if ihe molar ratio te in the above range, a 
periodic crystal structure having microscopically hexag- 
onal system formed by variation of the arrangement at 

so short Intervals but having no distinguishable peak found 
by X-ray diffractometry, namely, a crystal structure of so- 
called irregular arrangomont is obtairtod depending up- 
on the proparation'conditions. Even in this case, how- 
ever, the resulting slica has uniform pores having equal 

[D047] The alkali metal present in the silica, even in a 
slight amount, hinders application of the silica to an elec- 
tron functional material, so that the amount of the alkali 
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metal contained in the silica is desired to be as small as 
possible. Mon: specifically* the content of the alkali met- 
al m the watei -repellent porous sffica Is preferably not 
more than 10 ppb. The influence of the alkali metal can 
be generally j"dged by measuring electrical properties 
of a film or tho like produced Irom the silica. 
[00481 Aftoi the hydrolysis reaction of the fluorine- 
containing triiHkoxysllane with the letraaikoxysilane, a 
surface active agent Is added, and the mixture Is stirred 
for preferably hOverai minutes to 5 hours, whereby a pre- 
cursor solution for forming water-repellent porous silica 
can be obtained. 

[0049] It Is desirable to use a compound having a 
long-chain aJkyl group and a hydrophflic group as the 
surface active agent The long-chain eikyl group Is pret* 
erably one hinting 8 to 24 camon atoms. Examples of 
the hydmphilic groups include a quaternary ammonium 
salt, an amino group, a nltroso group, a hydroxy! group 
and acarboxyi group. Specifically, ii Is preferable lo use 
an aucylammonlum salt represented by the following for- 
mula: 

C„H 2 ^ 1 N(CH a ) a X 

wherein n is an integer of & to 24, and X is a hallde ion, 
HSO4- or an organic anion- 

[0050] By c Hanging the molar ratio between the sur- 
face active acjtint added and the alkoxysllane, the crys- 
tal structure 01 che resulting water-repellenl porous silica 
can be contra tied. 

[0051 J When the surface active agent is an alkylam- 
monlum salt, me number of moles of the surface active 
agent is In tht.- range of preferably 0.03 to 1 time, more 
preferably 0X»i5 to 0.2 time, the sum of the numbers of 
moles of the njorine-eorftaining trialkoxysilane and the 
texraalkoxyslhine. If the amount of the surface active 
agent is smaller than the above amount, extra silica in- 
capable of contributing to self organization is present 
and the porosuty Is markedly lowered. If the amount of 
the surface .icilve agent le larger than the above 
amount, a hexagonal periodic crystal structure having 
• uniform pores cannot be formed, resulting In disadvan- 
tages such &y disintegration of the structure during the 
calcining. 

[0052] As tin? surface active agent, a compound hav- 
ing a poryafKyierte oxide structure is also employable. 
Examples of me polyalkylene oxide structures include 
polyethylene uxidc structure, polypropylene oxide struc- 
ture, polytetrtmelhylene oxide structure and oeiybuty- 
lene oxide structure. Examples of such compounds in- 
clude ether type compounds, such as polyoxycthylono/ 
polyoxypropyiune block copolymer, polyoxyathylone 
polyoxypropyi.-me alkyt ether, polyethylene aikyl ether 
and poryoxyeu rylene afkyf phenyl ether, and ether ester 
type compounds, such as polyoxy ethylene glycerine fat- 
ty arid ester, f>olyoxyethy1enfi sorbitan ffttry acid ester, 
polyethylene r.orbltol fairy acid ester, sorbitan fatly acid 



ester, propylene glycol fatty acid ester and sucrosefatty 

acid ester. , 
[0053] When the surface active agent Is a compound 
having a polyalkylene oxide structure, tha number of 
3 moles of the surface active agent is In the range of pref- 
erably 0.003 to 0.05 time, more preferably 0 .005 to 0.03 
time, the sum of the numbers of moles of the fluonne- 
contalnlng trtalXaxysilene and the tetmalkoxysllane. If 
the amount of the surface active agent is smaller than 
to tne above amount extra slltea incapable of contnbutlng 
to self organization is present and the porosity Is mark- 
edly lowered occasionally. If the amount of the surface 
active agent Is larger than the above amount, a hexag- 
onal pertodic crystal structure having uniform pores can- 
ts not be formed, resulting in disadvantages such as dls- 
integration of me structure during the removal of the sur- 
face active agent. 

[0054] The surface active agent may be added In the 
form of a solid or a solution obtained by dlseolvjng ihe 
zo surface active agent In a solvent or a hydrolysis solution 
of alkoxysflane. 

[0055] The precursor solution obtained by the addi- 
tion of me surface active agent is dried, and then the 
surface active agent is rcmovod by calcining or oxtrac 
25 tion, whereby water-ropettent porous silica can be ob- 
tained. 

[0056] WHh the precursor soruxlon, a substrate is coat- 
ed, and the solution is dried. Then, the surface active 
agent is removed by calcining or extraction, whereby a 

so water-repellent porous si Oca film can be obtained. 
[0057] The drying conditions aro not specifically re- 
stricted, and any condition Is available as far as the sol- 
vent can be evaporated. When the desired water-repel- 
lent porous silica Is a powder, the solution is preferably 

55 dried by spray drying. 

[0058] Likewise, the calcining conditions are not spe- 
cifically restricted, and any temperature is available as 
far as the surface active agent cBn be removed at that 
temperature, Tne calcining may bo carried out in the et- 

40 mosphere or inert gas, or In vacuo. 

[0059] The porous silica obtained as above is appli- 
cable to a catalyst carrier or a filler. 
[0060] The porous silica film obtained as above ex- 
hibits high water repellency and high transparency even 

45 when ft is in a self-supporting state or It Is bonded to a 
substrate, and nonce the film is applicable to a light func- 
tional male rial or an electron Functional material, such 
as layer insulation film, electron recording medium, 
transparent conductive film, solid electrolyte, light wavc- 

50 guiding channel or color member for LCD. Particularly, 
the layer insulation film needs to have strength, heat re- 
sistance and low dielectric constant (high porosity), and 
the water-repoBerrt porous silica film having such uni- 
form pores is promising - 

55 [0061J The term "water repelkmc/ used herein 
means such a stale that even If operations consisting of 
sufficiently exposing porous silica In the form of a film 
or a powder to a nitrogen atmosphere at a temperature 



5 
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of 25* C And a mimive humidity of 90 % Hnd then putting 
It back In a dry nitrogen atmosphere are repeated, the 
porous silica is K.ubstantially tree from weight change or 
structure disintegration due to wateT adsorption. There- 
fore, small ch&nge in weight due to water adsorption 
means high wnter repeilency, and hence the weight 
change is preferably &s small as possible, particularly 
preferably not more than 3 % by weight. 
[00fi2] As th* substrate on which a film Of the water- 
repellent porous silica is formed, any material that 1$ 
generally used Is employable. Examples of the sub- 
strates include cjlass, quarts, silicon wafer and stainless 
steel. The substrate may have any shape such as a 
shape of plate or dish. 

[0063] Examples of methods for coating me substrate 
include general ones such as spin coating, cast coating 
and dip coating in case of spin coating, the substrate Is 
placed on a spinner, then a sample is dropped on me 
subslrale f and ihe substrate is rotated at 500 to 10000 
rpm, whereby * water-repellent silica flm having a uni- 
form thickness »;an be obtained. 

EXAMPLE 

[0064] The p' osont invention is further described with 
roferoncoto trm following examples. 

Moisture adson > tlon test 

[0065] In the nxarnplas. the moisture adsorption test 
was carried oui m the following manner. 
[0066] First, n specimen was calcined at 400*C and 
then allowed to stand still h a stream of dry nitrogen at 
room temperature until a constant weight was reached. 
Next, the specimen was allowed to stand still in a nitro- 
gen atmosphere for 1 o minutes at a relative humidity ol 
go %. Then, this specimen was put back in a stream of 
dry nitrogen agnln and allowed to stand sfll until a con- 
stant weight w*i-j reached. These operations were re- 
peated 20 tJmi:s f and when a constant weight was 
reached in the stream of dry nitrogen, the weight was 
measured. A dilierence between the measured weight 
and tne Initial wr.-rght was calculated to determine weight 
change. 

[0067] Increase In the weight of the specimen In this 
moisture adsorption test means Increase in the ad- 
sorbed waler ol ihe specimen, and small change in 
weight means high water repeltency. 

Example ^ 

[0068] Tctracihoxysilano (7.0 g), tricthoxyfluorosllano 
(0.3 g) and 1-propanol (17 ml) were mixed and stirred 
To tho mixture, <jA ml of 1N hydrochloric add and 2.0 
ml of water were added, followed by further stirring. 
Then, S.0 ml of ?-butanol was added, and the mixture 
was mixed with solution of 0.95 g of cetyttrimethylfinv 
monium chloride in 4.5 ml of water. After stirring for 2 



3D 



hours, a transparent homogeneous precursor solution 
was obtained. Several droplets of the precursor solution 
were placed on a surface of a glass plate, and the glass 
plate was rotated at 2000 rpm for 10 seconds to form a 

s film on the glass plate surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 35 nm. 
[0069] By the X-ray dWractometry, further, the film 
was found to retain a structure of periodic arrangement 

to having a spacing of £.9 nm even after drying and then 
calcining at 400°C, and it was confirmed from a section- 
al photograph of the film that the pores had a hexagonal 
arrangement structure. As a result of measurement of 
afilm thickness by a film thickness meter, the film proved 

75 to have a uniform thickness of 02 \xm- in the moisture 
adsorption lest of the Tlim, the weight change was sub- 
stantially 0 % by weight, and this film proved to be a 
porous film having high water repeilency. 
[0070] Then, ihe porous film was saturated wilh water 

zo and allowed to adsorb water in a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of waler liberated by the heating under vacuum 
was analyzed by a quad ru pole mass spectrometer (re- 
ferred to as a "Q-mass" hereinafter). As a result, water 

as liberation was not observed, and from thte, It was con- 
firmed thai water was not substantially adsorbed inside 
the film pores. 



Comoprative Example 1 



{0071 ] A film was formed on a glass plate In the same 
manner as In Example 1 , except that triethoxyfluorosl- 
lan e was not added . By the X-ray dlff ractometry, the fflm 
was found to have a structure of periodic arrangement 
36 having a spacing of 2.B nm after ea]dningat400*C, and 
it was eonfirmedfrom a sectional photograph of the film 
that the pores had a hexagonal arrangement structure. 
In the moisture adsorption test of the film, the weight 
gradually increased, and a weight change of 8 % by 
40 weight was observed after the completion of 20 times of 
the operations. From thte result, It was confirmed that 
the film had poor water repeilency and water was ad- 
sorbed by the film. 

[0072] Then, the porous film was saturated with water 
as and allowed to adsorb water In a humldiner at 40°C tor 
24 hours, followed by heating under vacuum. The 
amount or water liberated by the healing under vacuum 
was analyzed by a Q-mass. As a result, water liberation 
was great, and from this, It was confirmed that water was 
so adsorbed Inside the film pores. 

Example 2 

[0073] A precursor solution prepared In the same 
55 manner as in Example 1 was subjected to spray drying 
to obtain a dry powder By the X-ray dlffractometry, the 
powder obtained was found to have a periodic hexago- 
nal arrangement structure having a spacing of 3-5 nm. 
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By the X-ray .ifflractometry, further, the powder was 
found to retain a periodic hexagonal structure having a 
spactng of 2 .& nm even after drying and then calcining 
at 400 n C. Mo« cover, it was confirmed by the elemental 
analysis that fluorine atoms were present in the powder 
in amounts of \ .04 % by weight and the amounts of so- 
dium atoms were below the limit ot detection (below 1 0 
ppb). In the rr.ulsrure adsorption test of the powder, the 
weight change was substantially 0 % by weight, and this 
powder proved to be porous silica having high water re- 
pellency. 

[0074] Thai., the powder was saturated with water 
and allowed to adsorb water in a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of waier liberated by the heating of the powder 
under vacuum was analyzed by a a-mass. As a result, 
water llberatlcri was not observed, and from this, it was 
confirmed thai waier was not substantially adsorbed in- 
side the powoor pores. 

Comparattve L xampie 2 

[0075] Into ;i solution of 2.16 g of sodium hydroxide 
In 00 g of weior, 6 g of silica was Introduced, and thoy 
were stirred ei 80"C for 2 hours. To the solution, 18.2 g 
of cetyitrlmeiiiylammonium bromide was added, fol- 
lowed by 6tirrmg at room temperature for 1 hour. To the 
solution, a solution of 0.6S g of 40 wt% hydrofluoric acid 
in SO g of wfeier wbb further added. The mixture was 
stirred at roon ■ temperature for 2 hours and then allowed 
to stand at 1 D0°C for 3 days in an autoclave to prepare 
a powder. The powder was filtered, washed with a large 
amount of water, dried at 100°C for one day and night 
and calcined ,.t 55Q*C for 10 hours in air. By the X-ray 
dlffractometry. the powder obtained was found to have 
a periodic hexagonal structure having a spacing of 3.4 
nm. Further, h was confirmed by the elemental analysis 
that fluorine fcioms were contained In amounts of 0.68 
% by weight and sodium atoms were contained In 
amounts of 6.0 ppm in the powder. 

Example 3 

[0076] A f im i formed in the same manner as In Exam- 
pie l was drlBo, and then extraction of the surface active 
agent was can led out using an ethanoJ solvent. By the 
X-ray dirfractcuneiry, the film obtained was round to re- 
tain a structuJc of periodic arrangement having a spac- 
ing of 3.6 nm after the extraction, similarly to Example 
1 . As a result tif measurement of a film thickness by a 
fHm thickness meter, the film proved to have a uniform 
thickness of 0 2 um. in the moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight, and tins film proved to be a porous film having 
high water rcpt^liency. 

[0077] Then the film was saturated with water and ah 
lowed to adsnrb water in a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amoum 



of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
was not substantially adsorbed Inside the film pores. 

5 

Example_4 

[007$1 Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were placed 

io on a surface ol an acetyl ceButose film, and the acetyl 
cellulose film was rotated at 2000 rpm tor 10 seconds 
to form a Mlm on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 

is self-supporting film. By the X-ray dlffractometry, the self- 
supporting film obtained was found to have the same 
struciure as that of Example 1 . 

Example 5 

[0079] A film was formed In the same manner as in 
Example 1 , except thai the amount of cetyttrlmethylam- 
moniurn chloride was changed to 1,7Sg from 0-95 g. By 
the X-ray dlffractometry, tho film obtained was found to 
» have a periodic cubw structure. In the moisture adsorp- 
tion test of the film, the weight change was substantially 

0 % by weight, and this film proved to be a porous film 
having high water repelleney. 

[DQ80] Trien, the film was saturated with water and al- 
so lowed to adsorb water in a humidifier at 40°C for 24 
hours, loilowed by heating under vacuum. The amount 

01 water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, It was confirmed that water 

35 was not substantially adsorbed Inside the film pores. 

Example 6 

[0081] A film was formed In tho same manner as in 
40 Example 1 , except mat the amount of cetyttrtmethylam- 
monium chloride was changed to 0.75 g from 0.95 g. 
Although e regular structure was not confirmed by the 
X-ray diffractometry, it was confirmed f mm a sectional 
photograph of the film that the film had a structure of 
43 worm-like arrangement. In the moisture adsorption test 
of me film, the weight change was substantially 0 % by 
weight, and this mm proved lo be a porous film having 
high water rcpeltency. 

[0OB2J Then, the film was saturated with water and al- 
io lowed to adsorb water In a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 
of water iterated by tho heating under vacuum was an- 
alyzed by a Q-mass, As a result, water liberation was 
not observed, and from this. It was confirmed that water 
55 was not substantial^ adsorbed inside the fiWn pores. 



7 



BNSOCeiD! «EP. . _ 12D5«3BA1 • > 

PAGE 11/49 * RCVDAT 3J8I2006 5:35:16 PM [Eastern Standard Time) • SVRiUSPTMFXRF-lfiO' ON1S:27K300 1 CSID:4043817777 1 DURATION (mnws):15-30 



Mar-08-2006 05:41pm Frora-ALSTON AND BIRD 



4048817777 



T-215 P. 012/049 F-034 



13 



EP 1 205 438 A1 



Example 7 

[O083] Telr^fjthoxysilana (10,0 g), triethoxyfluorosi- 
lane (0.6 g) and elhano) (50 ml) were mixed end stirred. 
To the mixture 1 ,0 ml of 1 N hydrochloric acid end 10.0 
ml of water w.-re added, followed by further stirring for 
1 hour. Then, ihe mixture whs mixed with a solution of 
2.8 g of a polyt ,dkylene oxide) block copolymer (Pluronlc 
P123, available* from BASF, 

HO(CH 2 CH 2 ^) 20 tCH 2 CH(CH a )O> 70 (CH 2 CH 2 O) 20 H) In 
60 ml of ethan i>L After stirring for 2 hours, a transparent 
homogeneous precureoreolutlon was obtained. Several 
droplets of iho precursor solution were placed on a sur- 
face of a gla&> plate, and the glass plate was rotated at 
2000 rpm fori u seconds to form a Titm on the glass plate 
surface. By ltm X-ray dITfractometry, the film obtained 
was found to nave a structure of periodic arrangement 
having a spacing OT 5.4 nm. By the X-ray dlffractometry, 
f unher, Ihe Nln . was found to retain a structure of periodic 
arrangement I avtng a spacing of.5.0 nm even after dry- 
ing and then i .ildning at 400 D C, and it was confirmed 
from a sectional photograph of the film that the pores 
had a hexagonal arrangement structure. As a result of 
measurement of a film thickness by a film thldcncss mo- 
ler, tho film proved lo have e uniform thickness of 0.1 
urn. In the molE lure adsorption test of the film, the weight 
change was substantially 0 % by weight, and this fifcn 
proved to be a porous film having high water repellency. 
ro084] Then me porous film was saturated with water 
and allowed to adsorb water in a humidifier at 40°C for 
24 hours, fol towed by heating under vacuum. The 
amount of wat»>r liberated by the heating under vacuum 
was analy2ed t>y a Q-mass. As a result, water liberation 
was not observed, and from this, It was confirmed that 
water was noi substantially adsorbed inside the film 
pores. 

Comparative Example 3 

[0085] A film was formed on a glass plate in the same 
manner as in I- sample 7, except that trtethoxyfluomsl- 
lane was not auded. By the X-ray djffractometry, the film 
was found to rmve a structure of periodic arrangement, 
and n was corrhimed from a sectional photograpn of the 
film that the poi as had a hexagonal arrangement struc- 
ture. In the moisture adsorption test of the film, the 
weight gradually increased, and a weight change of 9 
% by weight w.-ts observed after the completion of 20 
times of the oj -orations. From this result, rt was con- 
firmed that me film had poor water repellency and water 
was adsorbed i>y the film. 

[0086] Then, mo porous film was saturated with water 
and allowed to h da orb water in a humidifier at 40 6 C for 
24 hours, followed by heating under vacuum. The 
amount of watei liberated by the heating under vacuum 
was analyzed by a Q-msss. As a result, water liberation 
was great, andiiorn this, it was confirmed that water was 
adsorbed Insldi? the film pores. 



ExHmola 8 

[0087] A precursor solution prepared in the same 
manner as In Example 7 was subjected to spray drying 

s to obtain a dry powdar. By the X-ray diffractometry, the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5,3 nm. By the X- 
ray diflractcmetry, further, the powder was found to re- 
lain a periodic hexagonal structure having a spacing of 

10 4.9 nm even after drying and then cajcining at 400 P C. 
Moreover, it was confirmed by the elemental analysis 
that fluorine atoms were present In the powder in 
amounts of 1 .36 % by weight and the amounts of sodium 
atoms were below tne limit ol detection (below 10 ppb). 

is 

Example 9 

[0088] .a film formed In the same manner as in Exam- 
ple 7 was dried, and then extraction of the surface active 

& agent was carried out using an ethanol solvent By the 
X-ray dtfrractomstry, the film obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing of S.4 nm after the extraction, similarly to Example 
7. As a result of measurement of a film thickness by a 

£$ film thickness meter, the 111m proved to have a uniform 
thickness of 0.1 urn, In tho moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight, and this film proved to bo a poroua fifrn having 
rogh water repellency. 

30 [0089] Then, the film was saturated with water and al- 
lowed to adsorb water In a humidifier at 40*C for 24 
hours, followed by heating under vacuum. Tne amount 
of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 

35 pot observed, and from the, it was confirmed that water 
was not substantially adsorbed Inside the film pores. 

Example 10 

ao [0090] Several droplets of a precursor solution pre- 
pared In the same manner as In Example 7 were placed 
on a surface of an acetyl cellulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on tho acetyl cellulose film surface. After 

45 drying at mom temperature, the acetyl cellulose film was 
dissolved wltn methyl acetate to obtain a transparent 
selNsupporUng film. By the X-ray dllTraclomelry, ihe self- 
supporting film obtained was found to have the same 
structure as that of Example 7. 

so 

Example 11 

[0091] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were placed 
55 on e low-resistance p type silicon wafer for cfieleetrie 
constant measurement, and the silicon wafer was rotat- 
ed at 2000 rpm for 10 seconds to form a film. By the X- 
ray diffraciornetry, the film was found to retain a struc- 
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ture of periodli a rrangement hHvIng a spacing of 2.9 em 
after calcining at 400°C, and it was confirmed from a 
sectional phoiograph of the Mm that the pores had a 
hexagonal arrangement structure. 
[0092] Then -from and back surface electrodes were 
formed by deposition, and a dielectric constant was 
measured In a nitrogen atmosphere underthe condition 
of a frequency of 1 MHz. As a result, the mean dielectric 
constant was :\4 in the 1 Q-point measuring method. 

Comparative Lxample 4 

[0093] A dielectric constant of a porous silica film ob- 
tained in the s,.me manner as in Comparative Example 
1 was measuitid. The measurement was made In the 
same manner ns in Example 11. As a result, the dieiec* 
trie constant was 3.5. 

Example 12 

[0094] sevfrial droplets of a precursor solution pre- 
pared m the si une manner as in Example 1 were placed 
on a surface u a silicon wafer of a transistor provided 
with a sourcoAJraln region and a gate cloctrede, and the 
transistor wa& rotaiod at 2000 mm for 10 seconds to 
coalthesilicoi. waferwith the precursor solution. There- 
after, the coating film was heated at400*C for 1 hour in 
a nitrogen atn.cisphere to obtain a layer insulation film. 
A sectional photograph Of the layer insulation film whs 
observed, and 45 a resuR, it was confirmed that the layer 
insulation film was a porous silica film having a spacing 
of about 3 nm ^nd having pores with a periodic hexag- 
onal arrangement structure. 

EFFECT OF "I HE INVENTION 

[0095] A wai jr-repellent porous silica having uniform 
pores, that is uppllcable to a light functional material or 
an electron functional material, and a process for pre- 
paring the wati. r-rcpeHent porous since can be provided 
by the presenl invention. 

[0096] Hie water-repeltent porous silica film accord- 
ing to the present Invention can retain b periodic struc- 
ture of pores W virtue of lis water repellency, and as a 
re3Uti, the dielrairte constant can be lowered. Therefore, 
the water-repcilent porous silica film Is favorable as a 
layer insulation Trim. 

INDUSTRIAL APPLICABILITY 

[0097] The water-repellent porous silica film of the in- 
vention can rci. un a periodic structure of pores by virtue 
of its water repallency, and has an alkali metal content 
of not more than lOppb. Hence, the water-repellent po- 
rous silica film is applicable to a catalyst carrier, an ad- 
sorbent, a lighi lunctional material, an electron function- 
al material one ihe like. Moreover, by virtue ol the water 
repellency. the dielectric constant can be lowered, so 



that the water-repellent porous silica film is particularly 
useful as a layer insulation film of a semiconductor or 
the like. 



Claims 

1 . Water-repellent porous elllea having uniform pores, 
which contains fluorine atoms fixad hi the silica skei* 
10 eton through covaJent bonds and has an alkali metal 
content of not more than 10 ppb. 
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2. 



3. 



5. 



53 



The water-repellent porous silica as claimed In 
Claim 1 , Wherein the fluorine content in the silica 
skeleton is In Hie range of 0-3 to 15.0 % by weight. 

The water-repellent porous silica as claimed In 
claim 1 or 2, which has pores having a mean pore 
size of 1 -3.Lo 1 0 nm and has a periodic crystal struc- 
ture of hexagonal system when examined by X-ray 
diffraetornetry- 

The water-repellent porous silica as claimed in 
claim 1 or 2, which has pores having a moan pore 
?tee of 1 3 to 10 nm and has a crystal structure of 
irregular arrangement. 

A process for preparing the wator-repeDent porous 
slltea of any one of claims 1 to 4, comprising the 
steps of partially hydrolyzlng a fluorine-containing 
triaJkoxysllane represented by the following formula 
and a tetraalkoxysllane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 
calcining or extraction; 

(20) 3 SIR 

wherein Z is methyl, ethyl, n-propyl, l-propyl, n- 
butyl, t-butyl, l-butyl or sec-butyl, and Rsa fluorine 
atom, (CH 2 ) a (CF a ) b (0(CF 2 ) e ) d X (X Is a fluorine at- 
om, OCF 3l 0CF(CFa) 2 , OC(CFg) 9 , an alkyl group 
or a phenyl group, a is a number of 0 to 3 t b is a 
number of 0 to 3, c isa number of 1 to 3, and d Is a 
number of 0 to 3) or GaHflF M (e b a number 0T 0 
to 4). 

The process for preparing me water-repellent po- 
rous silica as claimed in claim 5, wherein the solu- 
tion la dried by spray drying. 

The process for preparing the water-repellent po- 
rous silica as claimed in clHim 5 or S. wherein the 
fluorine-containing trialkoxyellano Is triethoxyfluor- 
osiiane^ 

The process for preparing the water-repellent po- 
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reus sHia- as claimed in claim 5 or 6, wherein the 
tetraaJkwysilane Is tetraathoxysllane. 

9. The prow -ss for preparing the water-repelloni po- 
rous silici, as claimed in claim 5 or 6, wherein ihe 
molar ratb of the fluorine^ontaining trialkoxysllane 
to thctetrHalkoxysilane is in the range of 0.01 to 1 ,2. 

10. The process for preparing the water-repellent po- 
rous sflici, as claimed in daim 5 or 6, wherein me 
number oi moles of the surface active agent b in 
the range of 0. 003 to 1 time the sum ot the numbers 
of moles M the fluorine-containing trialkoxysilane 
and the teiraalkoxyeilanc. 

11. The procL-ss for preparing the water-repellent po- 
rous eWcfi as claimed in Claim 5 or 6, wherein the 
surface aulve agent Is an alkylammonium saJt rep- 
resented hy In a following formula: 

whorcin n is an intcgor of 8 to 24, and X is a hefido 
lon.KSO, or «ui organic anion. . 

12. The procc-i-ss for preparing the water-repellent po- 
rous sJltes. as claimed in claim S or 6, wherein the 
surface at live agent is a compound having a por/- 
alkylene oxide structure. 

13. A film comprising the water-repellent porous silica 
of any on* of claims 1 to 4. 

14. The film a* claimed In claim 13, which has a thick- 
ness of 0.01 urn to 2.0 mm. 

15. A layer Insulation film comprising the film of claim 
13 or 14. 

16. Aprecursr.i solution for forming water-repellent po- 
rous silica which is obtained by partially hydrolyz- 
ing a fluorine-containing triaiKoxysliane represent- 
ed by tne i...l!owing formula and a tetraalkoxysilane 
under acW«: condition and then mixing the resulting 
hydrolysis .-solution with a surface active agent; 

(ZO) 3 SIR 

whoroin 2 is methyl, ethyl, n-propyl, i-propyli n- 
butyl, t-butyl, i-butyl oreee-butyl, and R is a fluorine 
atom, (CH ; .) (l (CF 2 ) b (0(CF a ) c ) d X (X is a fluorine at- 
om, OCF 3 . OCF(CF 3 k, OCjCFah, an alky* group 
or a phenyl group, a is a number of 0 to 3, b is a 
number of u to 3, c is a number of 1 to 3. and d is a 
number ot u to 3) or C e M 0 F (S ^ (e is a number of 0 
to 4). 



17. The precursor solution for forming water-repellent 
porous silica as claimed In daim 16, wherein the 
molar ratio of the fluorine-containing trialkoxysllane 
to the tetraalkoxysilane Is In the range of 0.01 to 1-2. 

s 

18. The precursor solution for forming water-repellent 
porous silica as claimed in claim 16, wherein the 
number of moles of the surface active agent is in 
the range of 0.003 to 1 time the sum of the numbers 

10 of mote3 of the fluorine-containing trialkoxysllane 
and the tetraalkoxysilane. 

18, The precursor solution for lormlng water-repellent 
porous sBlca as claimed In daim 16, wherein the 
15 surface active agent is an alkylammonium salt rep- 
resented by the following formula: 



20 



is 



wherein n is an Integer of 8 to 24, and X is a haJ We 
ion, HSQ 4 - or an organic anion, 

20. The precursor solution for forming watcr-ropollont 
porous sBlca as claimed In ciaim 16, wherein the 
surface active agent Is a compound having a poly- 
elkytene oxide structure. 
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